Apoptosis in Parkinson's disease: signals for neuronal degradation.
Controversy has surrounded a role for apoptosis in the loss of neurons in Parkinson's disease (PD). Although a variety of evidence has supported an apoptotic contribution to PD neuronal loss particularly in the nigra, two factors have weighed against general acceptance: (1) limitations in the use of in situ 3' end labeling techniques to demonstrate nuclear DNA cleavage; and (2) the insistence that a specific set of nuclear morphological features be present before apoptotic death could be declared. We first review the molecular events that underlie apoptotic nuclear degradation and the literature regarding the unreliability of 3' DNA end labeling as a marker of apoptotic nuclear degradation. Recent findings regarding the multiple caspase-dependent or caspase-independent signaling pathways that mediate apoptotic nuclear degradation and determine the morphological features of apoptotic nuclear degradation are presented. The evidence shows that a single nuclear morphology is not sufficient to identify apoptosis and that a cytochrome c, pro-caspase 9, and caspase 3 pathways is operative in PD nigral apoptosis. BAX-dependent increases in mitochondrial membrane permeability are responsible for the release of mitochondrial factors that signal for apoptotic degradation, and increased BAX levels have been found in a subset of PD nigral neurons. Studies using immunocytochemistry in PD postmortem nigra have begun to define the premitochondrial apoptosis signaling pathways in the disease. Two, possibly interdependent, pathways have been uncovered: (1) a p53-glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-BAX pathway; and (2) FAS receptor-FADD-caspase 8-BAX pathway. Based on the above, it seems unlikely that apoptosis does not contribute to PD neuronal loss, and the definition of the premitochondrial signaling pathways may allow for the development and testing of an apoptosis-based PD therapy.